Forty-eight combinations of enrichment media, secondary enrichment, incubation times and temperatures, and atmospheres were examined for their efficacy in recovering different serovars ofSalmonella that had been inoculated into ground-meat extract. Variations included three selective-enrichment media, two (37 and 4300) incubation temperatures, two (24 and 48 h) incubation times, two (aerobic and anaerobic) incubation atmospheres, and secondary enrichment to two ofthe selective-enrichment media. The ratio ofSalmonella to other microorganisms was 10:>1,000,000. One-hundred and twenty-four tests were conducted for each enrichment under each condition of incubation. None of the methods recovered Salmonella in more than 60% of the trials. Salmonella typhimurium was recovered most frequently of the serovars tested; S. abortusovis was recovered least frequently. There was considerable variation in the results obtained by the different methods, but there was a statistically significant advantage in the 430C incubation temperature. Secondary enrichment in tetrathionate broth showed a statistically significant advantage over secondary enrichment in selenite broth. Secondary enrichment into a different medium from the primary enrichment also was advantageous.
It is difficult to isolate salmonellae from a material that contains a large number of other microorganisms and a small number of salmonellae. This has been observed in several laboratories that used different methods to attempt the isolation of salmonellae from sausage meat or other foods (4) . In laboratory experiments, only a single or a few serovars of Salmonella have been used, and only a few methods have been tested.
The value of each selective-enrichment medium has not been tested for all (more than 1,600) serovars of Salmonella. There are reports that some cultural media used for isolating Salmonella do not detect some serovars in the products tested. Hobbs (9) , for instance, found that on testing egg powder containing a small number of other microorganisms salmonellae were isolated more frequently in a selenite broth than in other enrichment broths. Other investigators made similar observations (17, 18, 22) . Thomson (23) obtained more isolations in nutrient broth than in a selenite broth when examining feces for Salmonella.
Selective-enrichment media can exert a harmful effect on certain serovars of Salmonella. Smith (20) found that selenite and tetrathionate broths were toxic for Salmonella cholerae-suis and S. abortus-ovis. Leifson (13) demonstrated toxic properties of selenite broth on S. cholerae-suis, and Banwart and Ayres (1) demonstrated a toxic effect of tetrathionate broth on S. paratyphi A. Kafel (unpublished data) observed a toxic effect of selenite broth on S. typhimurium, S. abortus-ovis, S. typhi-suis, S. newport, S. rostock, S. enteritidis, and S. montevideo. Leistner et al. (14) , when examining swine feces, found that selenite broth (pH 7.3) gave better results than tetrathionate broth. The selenite broth was believed to be less toxic for S. cholerae-suis than tetrathionate broth.
Temperature and length of incubation also can influence recovery of salmonellae. A temperature of 370C for 24 h is commonly used.
Several investigators (2, 3, 7, 8, 16, 19) , however, obtained better results with an incubation temperature of 430C. Spino (21) routinely isolated salmonellae from surface waters in both tetrathionate and selenite broths incubated at 41.5°C, but no isolations were made, however, when the broths were incubated at 37°C. McCoy (15) found that tetrathionate broth incubated at a temperature higher than 37°C was toxic for salmonellae.
In different laboratories, enrichment media are incubated for intervals ranging from 12 Sausage meat filtrates prepared as described were inoculated with appropriate dilutions of Salmonella so that 1 ml of the filtrate contained 10 Salmonella cells.
Preparation of media. The media were prepared in the laboratory according to the following procedures. The selenite-F (Leifson) broth was prepared according to the following formula: sodium hydrogen selenite (anhydrous), 1 g (1 g instead of 4 g of sodium hydrogen selenite was used to minimize the toxic effect of this ingredient on some serovars of Salmonella); peptone (Difco), 5 g; lactose, 4 g; sodium phosphates (anhydrous), 10 g (the proportions of monosodium phosphate and disodium phosphate in association with the particular kind of peptone and lot and make of sodium selenite were determined experimentally to give a reaction of pH 7.0 to 7.1); water, 1,000 ml (distilled). The ingredients were mixed, heated until in solution, tubed, heated in a flowing stream for 10 min, and used the same day.
The tetrathionate (Muller-Kauffman) broth was prepared according to the following formula: proteose peptone, 10 g; calcium chloride, 2.3 g; calcium carbonate, 25 g; sodium thiosulfate, 40.7 g; and ox bile, 4.75 g. The ingredients were dissolved in 1,000 ml of distilled water and brought to a boil. The medium was cooled to below 450C, and just prior to use 19 ml of iodine solution and 9.5 ml of a 0.1% brilliant green solution were aseptically added and mixed. The iodine solution was prepared by dissolving 25 g of potassium iodide in about 25 ml of distilled water and then adding 20 g of iodine and heating the solution until completely dissolved. Distilled water was added to make up 100 ml of the solution. The brilliant green solution was prepared by mixing O.1 g of brilliant green in 100 ml of distilled water and then heating it in a flowing stream for 10 min.
The bile broth was prepared according to the following formula: nutrient broth (pH 7.6), 700 ml; ox bile, 300 ml. The bile was filtered through cotton and then mixed with nutrient broth. The mixture was boiled, filtered through filter paper, distributed into tubes or flasks as appropriate, and sterilized at 1210C for 20 min.
Inoculation of culture media and incubation conditions. Ten milliliters of each laboratory-prepared, selective-enrichment medium was inoculated with 1 ml of the ground-meat filtrate to which salmonellae had been added as described, and the media were incubated under the conditions listed in Table 1 . When secondary enrichment was done, 1 ml of the incubated broth was transferred to 1 ml of either selenite or tetrathionate, and the media were incubated under the conditions listed in Table 1 tions. No statistically significant advantage was observed between enrichment in tetrathionate and that in selenite. Enrichment in selenite gave a statistically significant (P < 0.02 without secondary enrichment results and P < 0.001 including secondary enrichment results) increase of isolations of Salmonella over enrichment in bile broth. Enrichment in tetrathionate gave a statistically significant (P < 0.01 without secondary enrichment results and P < 0.001 including secondary enrichment results) increase of isolation of Salmonella over enrichment in bile broth. Statistically significant differences of type of media for each grouping of three methods that used the same time and temperature of incubation and atmosphere are indicated in Table 2 .
There was no statistically significant difference in results between 24 and 48 h of incubation at 37°C. At 43°C, however, there was a statistically significant difference (P < 0.05) in favor of 48-h incubation (Table 2) . With selenite broth, no differences were observed for 24 and 48 h at either 37 or 430C. With tetrathionate broth, however, a statistically significant (P < 0.05) advantage was observed for incubation for 48 h over incubation for 24 h at 43°C. This was particularly evident as a result of aerobic incubation at 43°C. With bile broth, the greatest number of isolates was obtained after 48 h of incubation. This difference was statistically significant (P < 0.05) at 43°C. This also was more evident during aerobic incubation. Statistically significant differences of length of incubation for each grouping of two methods that used the same medium, incubation temperature, and atmosphere are indicated in Table 2 .
Salmonellae were isolated more often (with two exceptions) in media incubated at 43°C than in that incubated at 370C; the exceptions were methods 10 and 29 (Table 2) . When all methods (other than secondary enrichment procedures) were combined to evaluate the effect of temperature, incubation at 43°C gave a statistically significant (P < 0.001) increase in recoveries of salmonellae over incubation at 370C.
No difference was noted when anaerobic incubation was compared with aerobic incubation. With selenite, however, anaerobic incubation showed a statistically significant (P < 0.001) advantage. With tetrathionate, aerobic incubation showed a statistically significant (P < 0.001) advantage ( Table 2 ).
The results obtained by different combinations of secondary enrichment procedures are compared in Table 3 . When these methods are compared with single enrichment methods (Table 2), no statistically significant difference was observed. Secondary enrichment in tetrathionate showed a statistically significant (P < 0.001) increase in recoveries ofsalmonellae over secondary enrichment in selenite. A statistically significant difference (P < 0.001) also was observed when subcultures were transferred to a medium different from their original incubation medium. With whatever media, secondary enrichment gave statistically significant (P < 0.02) higher recoveries of Salmonella when 430C aerobic methods were used (Table 3) . Significant differences of results when a culture is transferred from one enrichment to another enrichment are indicated in Table 3 . Even though the same inoculum was used with each serovar, divergent results, as shown in Table 4 , were obtained with different serovars of Salmonella. For instance, S. typhimurium was isolated 351 times (60.9%) and S. abortus-ovis was isolated only 6 times (1%) per 576 examinations each. Some serovars of Salmonella were isolated more readily from a given selective-enrichment medium than from other media. S. abortus-ovis and S. pullorum were isolated from tetrathionate broth only, but S. newport was isolated almost exclusively in bile broth. Recoveries of S. typhimurium were statistically (P < 0.05) higher than S. london and S. senftenberg; recoveries ofS. london and S. senftenberg were statistically (P < 0.05) higher than S. rostock and S. choleraesuis; S. rostock and S. cholerae-suis were statistically (P < 0.001) higher than S. newport; S. newport was statistically (P < 0.01) higher than S. pullorum; and S. pullorum was statistically (P < 0.01) higher than S. abortus-ovis. These results help to explain why S. typhimurium is the most frequently isolated serovar in most parts of the world -it is more readily isolated by the more frequently used culture methods. As already observed, some media are toxic to some serovars of Salmonella. Methods of isolation, not only distribution, influence the predominate serovars recovered from a food or feed or from a region or nation.
Tetrathionate aerobically incubated at 430C for 48 h (method 26) gave the most (73) recoveries, but it was not statistically significant over the use of selenite aerobically incubated at 370C for 24 h and secondary enrichment to tetrathionate for 24 h at 370C (method 4), which gave the second highest number of recoveries (66 
